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Previous  studies  in  dog;,  have  demonstrated  that  acute  hemorrhage  results 
in  a  rise  in  lung  compliance  and  a  fall  in  resistance  to  airflow  if  the  lungs 
are  intermittently  inflated. 

Recent  studies  indicate  th-.t  injection  of  endotoxin  in  dogs,  results  in 
a  sudden  fall  in  compliance  and  a  d se  in  resistance  to  airflow  immediately 
following  injection.  These  changes  are  transitory  and  less  constant  in 
animals  which  are  heparinized. 

Further  studies  of  pulmonary  diffusion  in  dogs  confirm  the  fail  in  the 
diffusion  capacity  for  carbon  monoxide  ( T1C0 )  and  in  lung  capillary  blood 
volume  Vc'  during  both  acute  and  irreversible  shock.  The  fell  in  DLCO  was 
alvayr  proportional  to  the  volume  of  red  blood  cells  in  the  lung  capillrri°s 
(Vrbc).  The  fall  in  Vc  was  not  related  to  the  duration  of  the  anesthesir 
nor  to  the  retransfusion  of  blood. 

Control  studies  have  been  carried  cut  as  a  preliminary  to  the  evaluatio: 
of  patients  in  shock. 

Note:  Cories  of  this  report  are  filed  with  the  Armed  Services  Technical 

Information  Agency,  Arlington  hall  Station,  Arlington  12,  Virginia, 
and  may  be  obtained  from  that  agency  by  qualified  investigators 
wor icing  under  Government  contract. 
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Studies  In  dogs. 

Previous  studfcr  of  the  Ventilatory  mechanics  in  hyoovcleadc  shock  in 

do gr  revealed  a  rise  in  compliance  and  a  fall  in  resistance  to  airflow  if 
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the  lungs  were  intermittently  inflated.  This  was  noted  whether  the 

2 

t»morrhag«  was  massive  and  acute,  or  of  a  graduated  type.  If  the  lungs 
were  not  inflated  following  the  inception  of  shock,  a  fall  in  covipliance 
occurred  which  was  less  than  that  aeon  in  dogs  merely  anesthetized  and 
kept  in  the  supine  position  without  shock,  and  without  inflation  of  the 
lungs.  ,fe  are  reporting  similar  studiee  in  dogs  during  shock  induced 
by  the  injection  of  gram  negative  endotoxin. 

Methods 

Nine  dogs  were  lightly  anesthetized  with  Sodium  Pentobarbital  and 
a  cuffed  endotracheal  tube  inserted.  A  catheter  was  placed  in  the 
femoral  artery  to  monitor  blood  pressure,  and  a  vein  cannula  inserted 
for  injection  of  drugs.  Lung  mechanics  ware  measured  by  previously 
described  techniques  utilizing  the  body  plethysmogreph,  esophageal 
balloon  end  a  Silverman  pneumot ac  hornet er .  Following  careful  inflation 
of  the  lungs,  control  studies  were  carried  out  and  the  animal  then  given 
a  large  dose  of  E.  coli  (gram  negative)*  endotoxin  intravenously.  The 

•5 

amount  given  was  at  least  two  ti rac3  the  calculated  TD  70-80  dose. 

Blood  pressure  and  ventilatory  mechanics  were  then  monitored  over  a  one- 
half  to  one  tw»ur  period  with  intermittent  inflation  of  the  lungs.  Fotr 
dogs  received  heparin  prior  to  administration  of  the  endotoxin  and 
five  did  not. 

Obtained  from  Difco  Laboratories.  Iipopclysaccharide  F.  coli  GllrBU 
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The  results  of  the  studies  in  nine  dogs  are  seen  in  Table  I.  The 
first  three  dogs  (Dogs  1-2-3)  received  heparin  to  prevent  clotting  in  the 
tubing.  It  will  be  noted  that  little  change  is  to  be  seen  in  the 

ventilatory  mechanics.  We  then  became  avsre  of  studies  indicating  that 

k 

heparin  protected  against  endotoxin  shock.  While  it  appeared  to  afford 
no  protection  against  shock  in  our  cases  and  all  the  animals  died  within 
twenty-four  hours,  we  decided  to  carry  out  the  study  without  heparin 
administration.  In  three  of  the  next  four  dogs  (Dogs  k-5-7 )  a  sudden  fall 
in  compliance  and  a  rise  in  airflow  resistance  was  noted.  Isgsroveraent  in 
mechanics  began  shortly  after  this  change.  The  one  animal  of  the  four 
without  change  (Dog  6)  wao  already  in  shock  during  the  control  run.  In 
the  next  animal  (Dog  8)  despite  full  heparinization  compliance  fell,  and 
resistance  to  airflow  rose  following  the  administration  of  the  endotoxin. 

At  present  four  dogs  received  heparin  and  one  of  these  showed  changes 
in  mechanics. (Dog  8).  The  others  had  little  or  no  change.  Five  digs 
received  no  heparin  and  four  of  these  showed  the  fall  in  compliance  and 
rise  in  resistance  to  airflow.  All  dogs  died  following  endotoxin 
administration.  A  fall  in  blood  pressure  occurred  in  all  dogs  but  in 
one  nonehenarinized  dog,  (Dog  9)  changes  in  lung  mechanics  preceded  the 
fall  in  blood  pressure. 

Discussion 

These  studies  indicate  that  intravenous  injection  of  endotoxin  may 
result  in  changes  in  vfvjtiiatory  mechanics,  characterised  by  a  sudden 
fall  in  compliance  aid  a  rise  in  resistance  to  airflow.  These  changes 
appear  to  be  independent  of  changes  in  blood  pressure  to  soiee  extent, 
in  that  a  fall  in  blood  pressure  was  seen  even  in  the  dogs  apparm ntly 
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jtfotected  by  heparin  (Dogs  1-2-3)  and  occurred  prior  to  the  fell  in  blood 
pressure  (Dog  9).  Whether  or  not  snock  itself  protects  against  these 
changes  (Dof  6)  is  questionable. 

The  dosage  of  endotoxin  given  these  dogs  vas  very  large  vhich  may 
account  for  lack  of  protection  by  heparin  in  one  mtlmai  (Dog  8). 

In  order  to  study  more  subtle  changes  and  protective  effects,  a 
smaller  dose  of  endotoxin  mill  have  to  be  used. 

Evidence  has  been  presented  by  Hardaway*  to  show  that  heparin  protects 
doge  against  death  from  endo toxic  shock. 

Thomas  at  el.  here  studied  the  ventilatory  mechanics  following  the 
aidhdnistration  of  endotoxin  in  dogs.  They  demonstrated  a  protective  effect 
of  heparin  and  anti -serotonin  drugs  against  changes  in  lung  mechanics. 

A  marked  fell  in  platelets  vas  noted  after  endotoxin  in  all  cases  (even 
whan  heparin  was  given)  but  changes  in  mechanics  were  less  severe.  They 
have  lags  lie  at  ed  serotonin  as  the  mediator  of  the  lung  changes,  and  although 
conclusive  proof  is  lacking  evidence  for  a  humoral  response  appears  good. 

It  appears  that  the  ventilatory  changes  are  at  least  partly  unrelated  to 
the  occurrence  of  shock  and  death  in  these  animals.  Certainly  large  doses 
of  serotonin,  causing  far  more  marked  changes  in  lung  mechanics,  are  not 
lethal  to  dogs.^  Furthermore,  the  changes  in  mechanics  appear  to  revert 
rapidly  in  the  direction  of  the  controls,  although  shock  persists. 

Whet  relationship  all  this  may  hams  to  the  patient  suffering  from 
the  endotcoemaia  is,  of  course,  questionable.  The  model  used  for  these 
Studies  is  artificial,  and  probably  unlike  true  endotoxemi a  particularly 
at  its  inception. 

Studies  using  s  mors  suitable  model  are  planned  as  well  as  the 


study  of  patients 


-ti¬ 
ll  .  Studies  on  patients. 

Control  studies  have  been  carried  out  on  a  series  of  patients  and 
volunteers  to  evaluate  new  equipment  and  a  slightly  altered  technique 
of  study. 

Method 

Since  the  body  plethysmograph  i**  unsuitable  for  the  study  of  patients, 
tidal  volume  was  integrated  from  airflow  using  a  standard  Silverman 
pneumo  tachometer.  Transpulmonary  pressure  was  measured  from  a  latex 
balloon  placed  in  the  esophagus  as  in  previous  studies.  The  majority 
of  controls  ware  atudieg  vftile  the  patient  was  sitting.  Several  volun¬ 
teers  and  patients  were  also  studied  in  the  supine  and  left  lateral 
positions,  since  it  le  doubtful  whether  shock  patients  cm  tolerate 
sitting  up.  Approximately  twenty  patients  were  studied.  Of  these 
about  thirteen  qualify  as  reasonably  normal  controls.  Tv»  patients 
with  known  lung  disease  were  studied  and  one  patient  who  had  suffered 
a  pulmonary  embolus. 

Results 

The  ventilatory  mechanics  of  the  patients  studied  are  listed  in 

Table  II.  The  first  thirteen  studies  are  normal  controls.  The  last 

three  in  patients  with  lung  disease.  The  mean  compliance  for  the 

controls  was  .18  liters  /  cm.  H^o  -  *QU3  and  mean  resistance  to 

airflow  was  2.5  cm.  HgO  /  liters  /  sec.  t  .3  during  nomal  breathing. 

7-8 

This  compares  reasonably  well  with  other  studies  of  pktients  in  the 
sitting  position. 

When  patients  were  placed  in  the  supine  position  there  was  a 
marked  decrease  in  compliance.  Five  studies  «re  done  with  the  patients 
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lying  or  their  loft  olds.  This  resulted  in  a  moderate  decrease  over  the 
•It tint  position  (-  .05  liters  /  cm.  H20). 

QUcttssion 

These  results  indicate  that  the  method  is  satisfactory  for  the 
study  of  patients  in  shook.  We  feel  that  the  left-aide  position  will 
probibiy  he  the  most  frequently  used  since  the  shock  patient  may  be 
unable  to  tclarste  the  sitting  position.  In  any  case  studies  in  the 
s mm  patient  (during  aid  after  shock)  will  always  be  carried  out  in  the 
•am  position. 

The  mu at  vexing  question  in  these  studies  is  over  the  ability  of 

the  esophageal  balloon  to  accurately  measure  true  transpulinonary 

pressure.  There  is  good  evidence  to  indicate  that  it  does  under  ideal 
7 

conditions)  however,  the  position  of  the  ballon  and  of  the  patl  jnt  are 

o 

wall  known  variables.  We  have  utilised  a  type  of  balloon  and  a 
technique  described  to  us  by  Dr.  MLlie-Ewili,  and  recently  reported  by 


him. 
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This  technique  has  aided  in  proper  positioning  of  the  hallo  n. 


However,  the  stability  of  pressures  noted  during  position  change  in  his 
static  studies  has  not  bean  completely  reproduce  able  during  our  dyn  -nic 
studies,  especially  in  the  alpine  position.  Our  controls  are  withi.i 
the  normal  range  (sitting  and  left  aide)  and  suitable  for  clinical 
studies  of  aboek. 


CONTROL  Post  ii  ■  '  'C*ion  ?  :r,  „  ;+  i  )cc  i~  ■.  10  ml  .  .  f'cl  inject! 


TA2LE  II 


C  m  Lung  Co’TjUaroe  r./'vn.  't0 

R  «  Resis^o-ice  to  Airflow  cn,  HjO  /L/aec. 
TV  »  Tidal  Volume  in  Liters 
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B.  PULKJKARY  DIFFUSION  STUDY 


Studies  in  dog3. 

Diffusion  capacity  for  carbon  monoxide  (DLC^)  w. s  studied  in  do  -s 
using  the  single-breath  technique.  A  modification  of  the  single-breath 
method  was  used  de  term  no  the  membrane  diffusing  capacity  (On)  and 

the  volume  of  blood  in  the  lung  capillary  (Vc).  The  present  studies 
represent  a  continuation  of  those  on  pulmonary  diffusion  in  hypovolemic 
and  irreversible  shock,  as  veil  as  additional  studies  made  in  an  effort 
to  rule  out  factors  other  than  shock  as  a  cause  for  the  changes  seer.. 

Method 

The  technique  for  studying  BLCO  in  dogs,  as  well  as  the  method  of 

± 

obtaining  the  Dm  and  Vc  has  been  discussed  previously  in  detail.  The 
fol loving  further  studies  were  carried  out  without  technical  modification, 
a.  The  study  of  pulmonary  diffusion  in  acute  and  irreversible  she  ok 
was  completed  (three  dogs  successfully  studied). 
b„  The  effect  of  retransfusion  after  a  short  period  of  shock  was 

investigated  (four  dogs).  After  control  studies,  hyrovolemj e  shock 
to  a  blood  pressure  of  10  ran.  Hg.  was  induced  for  fifteen  to  thirt- 
minutes.  The  dog3  were  then  reinfused  and  diffustion  studies  repe?r cd. 

c.  The  effect  of  prolonged  anesthesia  without  shock  vas  ascertained 
(three  dogs).  These  togs  were  anesthetized  end  gas  analysis  canned 
out  immediately,  and  at  two-hour  intervals  for  four  hours.  Shock 
was  not  induced.  The  animals’  lunps  were  intermittently  inflated  tc 
prevent  atelectasis. 

d.  Our  technique  was  slightly  modified  to  evaluate  the  effect  of  the 
lung  inflation  preceding  the  administration  of  the  test  gas  on  the 
values  of  Vc.  Such  an  effect  was  considered  of  possible  significance 
because  the  thret  lun;  inflations  performed  immedi i  teiy  ref ore  each 
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deteradnation  of  diffusion  capacity  were  similar  to  a  Valsalva 

2 

maneuver.  The  latter,  has  been  shown  to  be  followed  by  an 
increase  in  Vc.  In  two  dogs  the  tests  were  carried  out  one  minute 
after  lung  inflation  when  no  significant  degree  of  pulmonary 
atelectasis  should  be  expected,  but  when  the  hemodynamic  effect  of 
the  inflations  had  subsided. 

e.  Pulmonary  artery  and  left  ventricular  catheterization  were  used 
during  the  diffusion  studies  in  six' dogs.  In  only  two  of  these 
dogs  was  it  possible  to  complete  the  experiments.  The  results  of 
diffusion  studies  in  these  dogs  are  included  in  groups  a.  and  b. 
respectively.  Complications  occurred  in  the  other  four  dogs  during 
catheterization  and  the  animals  went  into  shock  prior  to  the  control 
studies. 

The  hemodynamic  data  obtained  in  th?  one  animal  successfully 
studied  during  irreversible  shock  surgested  that  charges  in 
pulmonary  surface  tension  might  be  present  during  shock  similar  to 

3 

those  which  have  been  shown  to  occur  during  cardicp-  :~onar  byrar  . 
An  attempt  was  made  evaluate  this  hypothesis  without  opening 
the  chest,  as  would  be  required  for  direct  measurement  of  alvec" rr  - 

f, 

lining  surface  tension  by  the  method  of  Clements. 

The  lung  static  hysteresis  was  studied  utilising  the  technic  e 
h 

used  by  Head  in  intact  dors  placed  in  a  body  piothysnograph.  The 
dogs  were  intubated  and  chnn-cs  in  lung  volume  calculated  from  t.  .• 
nressure  changes  within  the  plethysmcgraph.  A  small  pneumoti.ro  ax 
was  instit  ted  and  a  rr’shroo-.  c^hetcr  placed  in  the  pleural  space. 
A  balloon  was  inserted  in  the  esophrgus  as  well  and  tranrpulmonary 
pressure  was  measured  by  both  techniques.  Both  volume  and  tr-v-.'-- 


pulmonary  pressures  were  recorded  simultaneously  on  a  Sanborn, 
four -channel  recorder  and  later  plotted  on  a  volume  pressure 
diagram.  The  lung  was  inflated  by  steps  of  approximately  100  ml., 
with  about  1,5  second  intervals  between  each  increasing  inflation. 

A  total  of  500  ml.  to  8 00  ml.  volume  change  was  carried  out, 
followed  by  a  step-wise  deflation  of  the  lung.  Apnoea  for  the 
study  was  produced  by  hyperventilation  of  the  animal  lust  prior 
to  each  test. 

Results 

a.  Table  I  indicates  the  results  obtained  in  six  dogs  during  the 
control  state,  hemorrhagic  shock  and  irreversible  shock. 

During  hypovolemic  shock  BLCO  fell  to  60  per  cent  of  control 
and  Vc  to  53  per  cent.  The  blood  Hgb.  was  essentially  unchanged. 
During  irreversible  shock  DICO  was  only  81  per  cent  of  the  control 
value  and  7c  remained  as  low  as  58  per  cent.  This  confirms  cur 
previous  report  th't  Vc  fails  to  revum  to  normal  in  the  irrever¬ 
sible  shock  preparation.  Changes  in  Hn  did  not  follow  a  sym¬ 
metrical  pattern. 

The  proportionality  between  DLCO  and  the  volume  of  red  bl  jod 

cells  in  the  lung  capillaries  (Vrbc)  which  we  observed  in  our 

6 

preliminary  anemia  experiments  appears  to  hold  true  in  hemor¬ 
rhagic  md  irreversible  shock  as  well, 

b.  Pour  dogs  were  studied  with  retransfusion  within  thirty  minutes 
after  the  inception  of  hypovolemic  shock.  No  studies  were  carried 
out  during  acute  hypovolemi a  in  these  dogs,  and  it  was  assumed  that 
the  changes  during  this  period  were  similar  to  those  seen  in  the 
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comp  let  r  shock  studies  (a).  Following  early  retransfusion  no 
significant  change  was  noted  in  PLCO,  Vc,  Vrbc  or  Em,  and  all  the 
dogs  survived.  The  results  of  these  studies  are  noted  in  Table  II. 

c.  The  results  of  the  study  vith  prolonged  anesthesia  without  shock 
are  indicated  in  Table  III. 

The  slight  increase  in  Vc  and  decrease  in  On,  although 
not  significant,  suggest  that  prolonged  anesthesia  night  well 
result  in  some  degree  of  pulmonary  congestion.  However,  the 
changes  noted  in  pulmonary  diffusion  are  in  all  respect#  opposed 
to  those  observed  in  irreversible  shod:. 

d.  In  two  dogs  the  tinting  of  the  lung  inflation  preceding  the 
injection  of  the  test  gas  was  observed  to  have  had  little  effect 
upon  the  results.  The  capillary  blood  volumes  observed  when  a 
one-ninute  interval  was  allowed  to  intervene  between  the  lung 
inflation  and  the  diffusion  test  were  91  and  9 5  per  cent  re¬ 
spectively  of  the  values  obtained  by  our  usual  technique. 

e.  Catheterisation  of  the  pulmonary  artery  and  left  ventricle  was 
carried  out  on  a  number  of  dogs  in  an  effort  to  evaluate  the  effect 
of  the  lung  inflation  on  the  vascular  dynamics  and  to  correlate 
changes  in  pulmonary  diffusion  during  shod:  \i.th  hemodynamic  data. 

Studies  were  initiated  in  six  animals.  However,  in  four 
hypotension  developed  charing  the  preparation  of  the  animal  and  the 
control  studies  at  normal  blood  pressure  were  impossible.  Only 
one  dog  had  combined  pulmonary  diffusion  and  hemodynamic  studies 
during  acute  and  irreversible  shock  (Table  I,  Dog  No.  XXII ).  The 
other  dog  was  in  the  early  retransfusion  group.  In  this  animal 
the  catheter  slipped  out  of  the  pulmonary  artery  during  shook 
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and  could  not  be  replaced  accurately  d’tring  hypotension  (Tabl^  IT, 
Dog  No.  Ha).  No  valid  conclusions  could  be  drawn  from  these 
single  studies  and  this  aspect  of  the  project  has  been  teirporarily 
set  aside. 

Since  the  equipment  for  such  a  study  was  already  available 
to  us,  a  rapid  surrey  of  lung  hysteresis  during  acute  and  ir¬ 
reversible  shock  was  carried  out  in  foiar  dogs. 

Evaluation  of  the  results,  however,  quickly  convinced  us  that 
the  pressure  volume  relationship  changed  markedly  with  the  number 
and  degree  of  preliminary  lung  inflations  used  to  prevent  atelec¬ 
tasis  and  to  make  the  animal  apnoelc  during  the  study.  The  study 

of  lung  surface  tension  during  shock  appears  to  require  other 

U 

methods  and  was  discontinued. 

Discussion 

Studies  of  DLCO,  Vc  and  Eta.  have  no*--  been  completed  in  ar.e^i  a 
and  during  acute  and  Irreversible  shock.  The  results  do  not  '.pr.^ar 
to  be  influenced  by  the  length  of  anesthesia  or  the  bird  nr  of  the 
preliminary  inflation  of  the  lungs.  The  retransfusion  of  blood  does 
not  appear  to  be  responsible  for  the  changes  in  irreversible  shock. 

In  both  the  shock  state  and  anemia  the  changes  in  DLCO  appear  to  be 
directly  related  to  the  volume  of  red  cells  present  in  the  lung 
capillaries. 

During  the  anemia  studies  Vc  remained  at  or  fdhout  control  levels, 
while  in  both  acute  and  irrcvorslb! e  shock  it  was  markedly  reduced. 
Hematocrit  was  markedly  altered  in  anemia  but  changed  little  in  cither 
acute  or  irreversible  shock. 


7 

A  fall  in  Vc  W"s  predicted  by  3urrows  on  a  b*sl  s  of  his 
diffusion  studios,  although  his  tochniquc  did  not  permit  direct 
measurements. 

Tho  effect  of  ganglionic  blockade  has  been  reported  by  Lewis  et 
P 

al.  who  demonstrated  c  fall  in  Vc  associated  with  marked  lowering 
of  the  systemic  blood  pressure  in  human  volunteers. 

From  a  review  of  the  literature  no  valid  conclusions  cm  be 
drawn  as  to  the  mechanism  responsible  for  the  fall  in  Vc  in  hypotension 
cither  induced  by  drugs  or  hemorrhage.  Active  pulmonary  vasomotor 
change?  could  be  at  work,  or  changes  in  the  pulmonary  bed  could  be 
passive,  secondary  to  the  fall  in  systemic  blood  pressure.  Gerrt  ct 

Q 

al. '  studied  certain  aspects  of  the  pulmonary  change  in  hymovolcni.'' 
and  noted  an  enlarged  gradient  between  alveolar  and  •'rterlal  r'< 

He  interpreted  this  as  due  to  a  lack  or'  perfurion  of  some  a3-  uoli, 
which  were  still  ventilated  idth  resulting  de\ ' 1  opment  of  an  nl  coin 
deal  space,  Tb.s  raorolv  Implies  a  fall  in  Vc  but  doou  .-wt  c:rpl  in 
why  it  f  :11s.  Furthermore,  his  mi  male  were  ventilated  ‘  a  set 
volume  whicn  may  have  artificially  produced  or  increased  th*.  venti¬ 
lation  oerfusion  imbalancr  in  the  l  ing, 

Turing  acute  shock  a  f  "11  in  Vc  was  nor  or  Ijs?  to  br  expect  c 
sine-  it  cm  readily  bo  theorized  that  the  vascular  bed  would  conform 
to  the  small  r  volume  of  blood  rv' liable  in  fhe  body. 

In  irreversible  shock,  the  failure  of  Vc  to  improve  in  relation 
to  the  r  >tu*  of  T.3.V,  -raid  bloeJ  nrcs.mre  to  clcrc  to  normal  1  vels 
is  more  difficult  to  explain.  A  return  of  pul nonary  artery  pressure 
to  normal  in  irreversible  shock  has  been  acmonstr''+od  by  others  v^in? 


a  similar  model. ^  A  carefiil  walyaia  of  changes  in  pulmonary 
vasculnr  resistance  during  shod:  may  help  clarify  this  problem  but 
the  difficulty  of  valid  intarorot  ntion  of  vascular  activity  in  the 
pulmonary  bod  is  well 
Studios  in  humans 

In  the  experimental  animal  certain  changes  in  pulmonary 
diffusion  have  been  found  to  occur  during  acute  and  irreversible  shock. 
Information  on  the  alterations  in  pulmonary  circulation  accompanying 
these  changes  is  difficult  to  obtain.  Of  more  intnedirte  consideration 
is  whether  similar  changes  accompany  shock  in  humans.  In  prep  or  at  i  or. 
for  the  evaluation  cf  clinical  shock  in  patients  the  following 
studies  have  been  carried  out.  Firet,  tc  evaluate  the  accuracy  of 
estimating  lung  volume  from  the  Kc  dilution  during  a  single  breath 
test  and  second,  to  evaluate  the  relationship  of  Vc  to  tot -'l  blood 
volume  (T.B.V. )  in  a  group  of  normal  volunteers. 

Methods 

a.  The  results  of  ventilatory  studies  of  nineteen  patients  with 

alveolar  capillary  block  were  reviewed.  These  patients  were 

s-uf  faring  from  Beryllium  disease  of  the  lungs,  sarcoidosis, 

inturstital  pneumonitis,  etc.  The  olveolir  volume  'v V  ^ )  of 

those  patients  was  calculated  by  two  techniques:  First,  by 

adding  the  residual  volume  as  determined  by  the  closed  He 
12 

technique  to  the  volume  inspired  for  breathholding  during  a 
single  breath  test.  Second,  by  calculating  V.  directly  from 
the  Ho  dilution  ratio  obtain od  during  the  single  breath  test 
assuming  2o0  cc.  to  be  anatomic  dead  space  during  breathholding. 
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b.  Five  presumably  normal  volunteers  hav'-  thus  far  been  studied  In 
the  follovd nr  manner.  Total  b  coed  volume  has  bo  n  obt  ain'  d  by 
the  tagged  radioactive  albumin  t echrdque  with  samples  measured  in 
a  Picker  Henolitre  and  results  corrected  for  hematocrit.  Pulmo¬ 
nary  function  studies  were  then  carried  out  consisting  of  timed 
vital  capacity,  residual  ■volume  measured  by  the  closed  He  technique 
.and  pulmonary  diffusion  by  t*io  single  breath  method  f or  carbon 
monoxide.  For  the  diffusion  studies  two  test  gas  mixtures  were 
used  each  containing  0.3  per  cent  CO,  10  per  cent  He,  either  21 
or  90  per  cent  02  and  the  balance  nitrogen. 

In  addition  the  diffusion  studies  were  carried  out  ?t  two 
levels  of  inspiration.  1.)  Total  lung  capacity  and  2.)  Functional 
residual  cspacity  plus  tidal  volume.  DLCO,  Vc  and  On  were 
calculated  by  the  methods  previously  described.1 

Results 

a.  In  Figure  I  are  charted  the  results  in  nineteen  ;  •’tient*-  with 
lung  disease  resulting  in  alveolar  capillary  block.  It  will  1 1. 
noted  that  in  only  one  inst-nce  was  a  poor  correlation  noted 
between  the  two  methods  of  calculating  V^.  This  was  -  ca3c  f 
severe  emphysema  included  intentionally  vhcro it  is  well  known 
that  the  Ho  ratio  nry  grossly  underestimate  V*k. 

b.  In  all  five  volunteers  thus  f-ar  studied  DLCO  was  observed  to 
incrc as c  with  the  lung  volume.  This  fact  has  been  previously 
noted.  ^  '.’o  find  that  this  increase  is  entirely  due  to  an 
increase  in  Vc  with  no  significant  change  in  Dm.  At  total  lung 
volume  Vc  was  almost  double  that  found  in  the  tidal  volume  range 
vher  it  sppr-oxi*  -ted  1  per  cent  of  T.B.V. 
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Discussion 

a,  The  good  correlation  between  the  two  methods  for  calculating 
V.  means  that  the  tie  dilution  method  during  a  single  breath  test 
alone  will  be  required  for  the  study  of  patients  in  shock*  This 
will  greatly  sisclify  tho  procedures  noc ess-try  in  very  ill  patients. 
Patients  with  ^nphyaema  id  11  not  be  studied. 

b.  The  results  of  the  diffusion  studies  on  normal  volunteers 
will  give  us  an  estimate  of  the  relationship  of  Vc  to  T.B.7,  in 
our  hands.  We  will  then  have  a  comparison  for  the  study  of  patient- 
in  shock* 

The  change  in  DLCO  and  Vc  with  change  in  lung  volume  suggests 
that  great  technical  precautions  will  have  to  be  t-^ken  in  carrying 
out  ward  studies,  and  results  carefully  evaluated  on  a  basis  of 
tho  lung  volumes  found. 


I 


Significantly  different  from  its  control  value,  p  <.0£ 


18 


TABLE  I 
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TABLE  II 

EARLT  RCTR/JCFTBIOH  AFTER  ?!E!CRRKAGIC  SHOCK  -  30  MINUTES 


Deg 

fie 

m 

CONTROL 

DLCO  Vc 

Vrbc 

rti 

Hb 

HETRANSrfBTOK 

DLCO  Vc  Vrbc 

Dm 

XV 

15.9 

19.8 

5o 

27 

L5 

1U.5 

17.8 

50 

25 

3? 

XVI 

17.L 

17.0 

31 

18 

63 

19.3 

17.  h 

27 

18 

112 

mu 

15. 3 

22, 5 

fix 

53 

2iL 

18.  h 

22.6 

53 

33 

Ui 

:ax 

13.9 

20.2 

51 

2U 

lili 

13.0 

17.5 

U6 

20 

LI 

ffepn 

15.6 

20.0 

Lt9 

26 

L9 

16.3 

19.0 

Uli 

2U 

59 

Mean  chaige  as  per  cent  of  control 

lGt* 

9U 

90 

92 

120 

M?  •  gnus.  % 

DLCO  »  lal./minute/mm.  Hg. 
Vc  »  ml. 

Vrbc  «  al. 

Dm  »  ml./ndnute/im.  Hg* 
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TABLE  III 


7a  from  Residual  Voluira  Plua  Inspired  Volume  at  the  Tine  of  the  Single  Breath  Test 
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Va  from  He  Ratio  and  Inspired  Valuing 
Assuming  &  Dead  Space  of  250  cc.  During  Inspiration 


COMPARISON  OF  TOO  157THODS  FOR  CALCULATION  OF  ALVEOLAR  VOLUKF  (Va) 
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C.  HEM3DTKAKIC  AND  EXHERIMEWTAL  THERAPEUTIC  STUDIES 


I  *  and  0 

Sixty  mongrel  dogs  were  premedicated  with  1.5  mg. /Kg.  of  morphine 
sulphate  following  which  the  femoral  artery  and  vein  were  c  annul  at  ed,  and 
heparin  {2.5  mg./Kg. )  injected  into  the  femoral  vein  and  heparin  (30  mg. } 
into  a  reservoir  to  be  used  for  the  bleeding  out  preparation.  Arterial 
pressure  was  continuously  nonitored  with  a  nercury  nanometer.  Fine* a 
method  of  graded  hemorrhage  was  employed  to  induce  maintain  shock. 
Animals  were  bled  from  the  femoral  artery  into  a  reservoir  1*0  cm.  above 
the  level  of  the  right  atrium,  and  a  mean  pressure  of  approximately 
30  mm.  Hg.  was  maintained.  All  the  blood  in  the  reservoir  was  reinfused 
t-fhen  1*0  per  cent  of  the  maximum  bleeding  volume  was  taken  up  spontaneously 
or  six  hours  after  the  onset  of  shock,  if  the  1*0  per  cent  uptake  was  not 
corpleted  by  this  time.  Dogs  alive  21*  hours  after  the  onset  of  the 
experiment  were  considered  to  be  permanent  survivors. 

The  experiment  was  done  in  two  stages.  In  the  first,  30  dogs 
were  divided  into  three  groups  of  10  animals: 

Group  I.  -  Control  I.  The  aiimals  were  shock ^-d  as  described. 

Group  II.  The  animals  were  given  Qibenzyline  (.5  mg./K?»)  one 
hour  prior  to  the  onset  of  hemorrhage. 

Group  ITT.  The  animals  were  subjected  to  abdominal  postganglionic 
sympathectomy  under  nembutal  aresthesi a.  Seven  to  12  days  after  operation 
the  animals  were  subjected  to  hemorrhagic  shock  in  a  manner  identical  to 
the  other  two  groups. 

In  the  second  stage,  30  dogs  were  used  and  divided  into  three  groups 
of  ten  animals. 

Group  IV.  -  Control  II.  The  animals  were  shocked  as  in  Group  I. 
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Orcmp  V.  The  animals  were  subjected  to  mesenteric  sympathectomy 
elwHarly  as  tsfcre  except  that  the  interval  between  sympathectomy  and 
exposure  to  hemorrhagic  shock  was  extended  to  six  weeks. 

Group  VI.  The  animals  were  subjected  to  hemorrhagic  shock  as  in 
the  control  group.  Thirty  minutes  after  the  onset  of  shock,  however, 
the  celiac  and  superior  mesenteric  gnaglion  with  their  respective  arteries 
wwre  exposed  and  infiltrated  with  10  cc.  of  1  per  cent  novocain.  The 
results  were  analyzed  in  terms  of  survival,  bowel  changes,  maximum 
bleeding  time  and  total  uptake  time. 

Pretrement  with  Edbenzyline  resulted  in  a  60  per  cent  survival  rate 
as  coopered  to  a  100  per  cent  mortality  rate  in  the  control  group.  The 
amount  of  blood  shed  into  the  reservoir  (MBV)  was  reduced  as  was  the  rate 
of  bleeding  (HJT)  and  rate  of  uptake  (UT).  The  smaller  bleeding  volume 
and  the  reduced  rate  of  bleeding  suggests  that  the  ^yapathetic  vaso¬ 
constrictor  response  to  hemorrhage  *Tas  modified  in  the  early  stages  of 
shock,  and  prolongation  of  the  uptake  time  reflects  some  preservation  of 
vascular  tone  in  the  advanced  stages  of  hypotension.  Animals  who  were 
shocked  7  to  10  days  after  sympathectomy  demonstrated  a  slightly  higher 
(20  per  cent)  but  statistically  insignificant  survival  rate  than  the 
control  group.  The  reduction  in  MBV  was  observed,  but  the  bleeding  time 
was  not  significantly  changed.  As  in  the  Dibenzyline  group,  the  uptake 
time  was  prolonged. 

Extension  of  the  interval  between  denervation  and  hemorrhage  to 
six  weeks  did  not  alter  survival  rates.  The  only  hemodynamic  change 
consisted  of  m  increased  uptake  time. 

Chemical  blockage  of  the  mesenteric  sympathetica  after  the  onset  of 
shock  resulted  in  a  100  par  cent  mortality.  In  addition,  an  overall 
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detarioratiop  of  tbe  hamodynasdc  paraneters  imre  observed,  jareeumable 
as  a  result  of  the  added  traujne  of  a  laparotomy  during  the  hypsrtanaiva 
stage. 

2.  Therapy  of  A  Keif  Shock  Model 

The  beat  r.her«py  for  hemorrhagic  shock  Is  control  of  the  hemorrhage 
and  adequate  blood  replacement  ae  soon  as  possible.  The  value  of  numerous 
ancillary  measures  used  between  the  onset  of  shock  and  blood  replacement 
have  been  tried  with  varying  degrees  of  success.  Some  of  the  measures 
under  current  study  ore  the  use  of  vasoconstrictors,  adrenergic  blocking 
agents  and  anticoagulating  materials.  In  an  effort  to  mimic  the  clinical 
situation  and  produce  an  experimental  model  with  an  LD  of  approximately  $0, 
the  following  methods  were  utilised  and  results  obtained. 

Met  node 

Sixty  mongrel  doge  were  used  throughout  the  experiment.  After 
weighing,  each  animal  was  lightly  narcotised  with  morphine,  and  canon- 
lations  to  the  femoral  artary  mid  vein  performed.  Heparin  was  administered 
intravenously  and  the  venous  cannula  capped  with  a  heparin  block,  the 
arterial  cannula  was  connected  by  a  T-tube  to  a  calibrated  Lamson  bottle 
held  UO  cm.  above  the  level  of  tbe  animal's  heart.  The  other  connection 
of  the  T-tube  was  used  for  a  continuous  blood  pressure  monitoring  by  a 
Sanborn  recorder.  Control  values  were  obtained  for  blood  pressure, 
hematocrit  and  arterial  pH. 

The  animals  were  bled  Into  the  Lamson  bottles  for  a  period  of  one- 
half  hour.  At  the  conclusion  of  this  period  of  bleeding,  tbe  cannula 
to  the  reservoir  was  clasped  end  the  following  determinations  made: 
amount  of  blood  in  the  reservoir,  blood  pressure  of  animal,  hematocrit 
and  arterial  pH.  Through  the  venous  cannula,  therapy  was  begun  with 


-27* 


various  solutions:  (A)  5 00  cc.  of  iiIIm  (10  do  ft)}  (B)  £00  cc.  saline 
plus  2  ee.  of  1-norepinephrim?  (10  dogs);  (C)  500  cc.  saline  plus  one- 
half  ee.  trimsthsphan  caaphorsulfonate  (10  dogs);  (0  )  500  cc*  saline 
plus  fibrinolytic  1*000  u/l£.  (10  dogs).  In  two  other  groups  of  animals 
the  bleeding  period  was  extended  to  one  hour  to  increase  the  ID.  After 
this  one  hour  period  the  tharapy  was  instituted  as  follows:  (v)  500  cc. 
saline  (10  dogs);  (P)  500  cc.  saline  plus  fibrinolysln  1*000  u/Kg.  (10  dogs). 

The  mimais  sere  monitored  for  six  hours,  if  possible,  with  a  three* 
boor  check  on  blood  pressure,  hematocrit  and  pH.  At  the  end  of  the  six* 
hour  period  the  animal  was  returned  to  his  cage  and  observed  for  a  21* 
hour  revival.  If  death  occurred  the  animal  was  autepaied,  with  particular 
emphasis  placed  on  the  condition  cf  the  gastrointestinal  tract. 

The  one-half  hour  bleeding  period  proved  to  be  a  moderate  challenge 
to  thsaa  animals,  offering  a  control  surrlTal  of  7  out  of  10.  The 
addition  of  a  vasodilator  decreased  survival.  Fibrinolysln  increased 
•urriTil. 

The  one  hour  bleeding  period  was  more  of  a  challenge,  with  a  control 
e *dv8^e  of  only  one  out  of  10  animals.  Since  1-norepinephrine  and  tri- 
jaeth  phgn  casphorsulfonate  did  not  improve  survival  with  one-half  hour 
bleeding,  they  were  not  used  in  this  move  severe  preparation.  Fibrinolysln 
again  increased  survival. 

Whan  the  controls  and  fibrinolysln  animals  on  both  the  half-hour  and 
ona-hour  bleeding  are  grouped  together  the  control  salvage  was  0  out  of  20 
as  compared  to  15  out  of  20  for  fibrinolysln.  These  figures  have  a 
significance  whan  compared  statistically  (chi-square  6.1*:  P^.01). 
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There  appeared  to  be  little  difference  among  the  grotxps  with  regarde 
to  ever age  weight,  blood  loss,  or  three-hour  hematocrits. 

The  three-hour  blood  pressure  findings  are  of  so«ie  significance. 

In  general,  if  the  animals  were  still  alive  and  the  blood  pressure  was 
above  100,  there  was  a  good  chance  of  survival  (26  out  of  3h  possibilities  )j 
whereas  if  the  blood  pressure  is  below  100,  there  is  little  chance  of 
survival  (2  out  of  18  possibilities).  These  are  highly  significant 
figures  (chi-square  17:  p<?.00'). 

Similarly,  the  three-hour  arterial  pH  was  an  excellent  guide  to  the 
quality  of  tissue  perfusion.  If  the  pH  was  7.3  or  above,  there  was  an 
excellent  chance  for  survival  (22  out  of  2i*  possibilities);  whereas  if 
the  pH  was  below  7.3>  there  was  little  chance  of  salvage  (6  out  of  28 
possibilities).  Again,  these  are  significant  figures  (chi-square  22: 
P<.oo5).1 

3.  Blood  Volume  and  Mixing  Time  Deter mi nations 

Serial  blood  volume  measurements  in  26  patients  undergoing  open 
heart  surgery  revealed  a  significant  \ jlume  deficit  unaccounted  for  by 
external  loss.  This  internal  loss  is  attributed  to  sequestration  of 
blood  into  vascular  pools  not  in  intimate  connunic&tion  with  the  effective 
circulatory  system.  This  supposition  irplies  two  distinct  vascular  beds 

2 

with  Hadfibdd  functional  commurn cation  and  diffusing  rates  of  circ^ilation. 
Injected  radioactive  substances  may  not  reach  the  stagnant  circuit  during 
the  standard  time  allotted  for  mixing  and  a  deceptive  low  blood  volume 
reading  may  be  obtained.  Repeated  postinjection  sailing  may  detect  the 
sequestered  pool  and  provide  a  progressive  increase  in  blood  volume 
reading.  Pooling  of  blood  also  occurs  in  traunatic  shock,  and  it  may 
reflect  an  impaired  capillary  circulation.  Detection  of  slow  mixing  by 
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by  blood  volume  determination*  Kay  uncow  the  basic  underlying  patho¬ 
genesis  and  prc/ide  a  Method  of  evaluation  of  the  effect^  vsmesa  of 
various  thar^eutlc  aganta. 

Base  line  controls  prior  to  inducing  hemorrhagic  and  toxic  shock 
we  obtained.  Blood  tolwe  determination  with  I1'*  «nd  CR^  vere  per¬ 
formed  in  10  dogs.  Poatinj action  a  apples  were  obtained  act  10, 20,30  m d 
liO  minutee.  Splenectomy  was  than  performed  on  the  animals  and  the  same 
blood  volume  studies  were  repeated  two  weeks  later. 

Ho  appreciable  changes  were  found  with  the  aerial  post  inject  ion 
campling  technique.  However,  a  lose  in  blood  volume  was  exhibited 
following  the  splenectomy  by  either  the  Chromate  or  I1^1  method. 

Preliminary  results  on  two  experimental  animals  suggests  that  after 
the  induction  of  bmwrhagLc  shock  there  is  a  steady  increment  of 
volume  readings  up  to  UO  minutes  after  injection  on  aerial  post  injection 
sailing.  These  results  are  similar  to  those  obtained  on  surgical 
patients  Immediately  following  open  heart  surgery. 
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